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DIFFERENCES BETWEEN countries in
the recorded deatlh rate froma leukemia

are conisiderable. Notable differeinces are evi-
dent even wheni countries with reasonably com-
plete deatlh registration are compared. For ex-
ample, the United States, Denmark, and Swe-
den experience death rates from'i leukenmia 11/2
timaes as high as those of Canada, Great Britain,
and France, which agaiin have muclh higller
rates than Ireland, Italy, or Finland (1).
Geographic variation witlhin countrties has

also beeni noted. Hewitt (2), examining, death
registration data for Enigland anid Wales, noted
a fairly regular gradienit from a relatively low
level in the north to a level about lhalf as high
again in the south. AMaterial from the Danish
Cancer Registry (3) slhowed highest rates in the
capital and lowest in the rural areas. Other-
wise, there were nlo definite topographical dif-
ferences inl Denmark. Highler rates for the
urban conipared with the rural population have
been noted also in the UInited States (4). Death
registration data for leukemia in the United
States have been examined on a number of
occasions (56-), but no study of geographic
variation between regions or States within the
United States lhas been reported.
The National Office of Vital Statistics of the
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Public Healtli Service has publislied annlually
data on deaths from leukemia in the UInited
States, classified accorcding to State of resi-
dence, sex, race, aind age, since 1949 (9). Prior
to 1949 the reports did not include a breakdown
by age for deathlis from this cause in the indi-
vidual States. The present study is based in
the main, therefore, on data for the 5 years
1949-53. Attention is confined to the wlhite
population. Age-standardized death rates are
shown in table 1 for the male, female, anid total
populations of eaclh State anid eacl dlivision.
The stanidard population used was the total
wlhite population of the United States in 1950;
nine age groups were used in the standardiza-
tions.

In addition to the standardized rates, com-
parative mortality indexes for the individual
States are given in table 1. These indexes ex-
press the observed number of deaths in each
area as a percentage of the number of deatlhs
expected in the area on the basis of (a) the age
and sex distribution of the population of the
area, and (b) the age-specific and sex-specific
dealth rates from leukemia observed in the total
Uinited States white population.

Differences Between Divisions

The nine divisions into which the States are
grouped are those used by the Bureau of the
Census. Differences between them in leukemia
death rate were not great. The highest divi-
sion, Pacific, witlh a mean annual death rate of
69.9 per million, was 20 percent higher than the
lowest, East Soutlh Ceintral, witlh a irate of 58.4.
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Table 1. Leukemia death rates and characteristics for the white population of States and
divisions of the United States, 1949-53 and 1938-42

Number
leukemi
deaths
1949-5

Division and State __

New England-.. -- 1, 687 1, 331
Maine 136 108
New Hampshire 97 84
Vermont 80 69
Massachusetts 881 683
Rhode Island ---- 111 87
Connecticut --382 300

Middle Atlantic - -- - 5, 400 4, 171
New York - 2, 908 2, 177
New Jersey 862 645
Pennsylvania - 1, 630 1, 349

East North Central-5, 516 3, 875
Ohio----------- 1, 473 1, 077
Indiana 691 478
Illinois -1, 551 1. 122
Michigan 1, 096 708
Wisconsin --- 705 490

West North Central - - 2, 948 2, 056
Minnesota --- 749 481
Iowa - 572 393
Missouri - 711 510
North Dakota -- 101 85
South Dakota 141 82
Nebraska ----- - 287 193
Kansas - --387 312

South Atlantic - - - - 2, 444 1, 804
Delaware - 56 35
Maryland ---290 238
District of Columbia 99 73
Virginia 356 283
West Virginia 307 195
North Caroliina 382 317
South Carolina 175 136
Georgia --373 268
Florida 406 259

East South Central - l-1, 372 1, 003
Kentucky 418 307
Tennessee --- 425 343
Alabama 332 227
Mississippi --197 126

West South Central - 2, 053 1, 434
Arkansas 240 161
Louisiana 316 209
Oklahoma 376 267
Texas 1. 121 797

Mountain - - 850 609
Montana --- 130 85
Idaho - - - 127 77
Wyoming --36 27
Colorado ----- 229 187
New Mexico 79 60
Arizona ----- 102 78
Utah ------ 117 77
Nevada - 30 18

Pacific -2, 802 2, 077
Washington 477 312
Oregon ----- 337 195
California- 1. 988 1. 5703
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56
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71
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9
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1.8
1. 5
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1. 5
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2. 8
1.4
1. 7
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2. 0
2.0
1. 6
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1. 5
1. 4
2. 5
2.0

3-.5f
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1. 9
2. 7
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4. 0

L1. 1
1.9

1. 7
.3

2. 6
1. 9
1. 9
2. 1
1. 5
1. 8
1.7
2. 1
1. 6
1. 9

. 8
1.7
2. 8
1. 6
2. 4
1. 0
.9

1. 6
.8

.3
1. 6
-. 2
2. 4

2. 6
3. 4
3. 6
1. 6

2. 0
-.2
1.8
2. 6
1. 6
1. 5
2.5
2. 4
2. 6
2. 5
2.5
3. 8
1. 2
1. 7
2. 7
3. 2
3. 5
3. 7
3. 7
2. 7
1. 9
2. 4
3. 9
4. 9
2. 1

2. 1
-1. 3

1. 5
2. 5
1. 8
1. 5
2. 2
3. 9
2.7
3.0
3. 0
2. 8
1. 3
3. 3
3. 7
3. 3
4. 8
2. 8
3. 9
5. 5
8. 1

3. 4
. 0

4. 7
4. 5

2.3
2. 0
4. 3
2. 0

I Values are not calculated for States with less than 500,000 white population in 1950.
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A11 thlree southerni divisions (East South Ceii-
tral, West. South Central, anid Soutlh Atlantic)
ha(l rates lower thlian any other area. By coni-
trast, rates were highest in the west. The Pa-
cific, AMount"ain, aind West North Central divi-
sionIs ranked first, second, and foturth in order
of letukemia death rates.

Since AMeadors (4) founid tlhe leukemia deatl
rate approxinmately 1/2 tiues hig,her in the
uirbain tlhani in the rural population of thle
[nited States, some relationsliip between leni-
keiniia deatlh rate anid degree of urbanizationi of
the area might be expected. Trhe lower leu-
kemiiia deatlh rate in the three soutlherni divisions
is consistent witlh this expectation. However,
among thle otlher six divisions. the deatlh rates
showed little relationislhip to the pattern of iur-
bainizatioin. The two (livisioins with the high-
est leukemia rates, Pacific and West North
Central, were tlhird aiid seventh in a listingr
accordinig to uirbanlizationi. The two nmost
urban divisionis, Aiddle Atlaitic ancd New Eng-
lland, ranked third anld sixth according to leni-
keniia deatlh riates. AMeadors' finding was based
on a. (lirect comparison of the urbain and rulral
populationis ancd is therefore in n1o w-ay inivali-
(lated by the finidingg of higlh leuikemuia rates in
areas witlh low uirbanizatioin, or vice versa. It
seemus likely, lhowever, that the uirbani-rural dif-
ference in leukeniia (leath rates was operating
dtIring the period of the present study to reduice
some of the geograplic differences between
divisions.
Adjustment of the divisional deatlh rates is

possible on the basis of the kniowni percentage of
d-le populationi of the divisioni classified as
inrban, anld the asstIumlptionl that the rates for
the uIIrbaii population wver'e 1i1 timies hih(rler
thIian those for the riural population in each divi-
SiOII. Thlis aIssumll'ption was maile on the basis of
Meadors' finidingc,s for the whole Uinited States.
After adjustment onl this basis, divisional dleath
rates were West North Central 7-2.7, Pacific 66.8,
Mountain 66.3, East Souith Ceintral 64.9, West
Souitlh Central 64.3, East North Central 63.1,
Souitlh Atlanitic 62.6, Middle Atlantic 61.9, aind
New England 59.1. The adjustment lhas r-aised
the rates for the sotutlhern ldivisions relative to
(livisions in the inortlheast, suggesting that the
originally low rates in the south may resuilt from
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the lower percentage of urbani population tlhere.
However, the adjustment has accentuated the
difference between the west aind tlhe northeast.
The three western divisions now rank first,
secon(d, and third in order of leukemia death
rates.

Differences Between States

The individual States showed greater vari-
ationi in leukemia deatth rates than the divisions
(table 1, fig. 1). States with the highest rates
in 1949-53 were MIiinnesota (79.2), Vermont
( 73.8), Miontana (73.2), Idaho (72.5), Califor-
nia (71.0), New York (70.6), and Kans.as
(70.6). Lowest rates were in Maine (50.0),
Wyoming (050.3), Rhode, Island (50.7), and
New MAIexico ( 52.9 ).

Greatest variationi in leukemiaia death rates
was betweeni States conistituting the New Eng-
land( and Mountain divisioins. New England in-
cli(led the second hlighest State (Vermont) as
wvell as the 46tlh and 48th (Rhode Island a-nd
Aline). In the AMouniitainidivision there was
disparity between the four nortlhwestern States
witl the rates of 73.2, 72.5, 65.3, and 66.1, and
the four souitlheasteili States witlh rates of 63.4,
(61.0, 52.9), anid 50.3. The tlhree AMiddle, Atlantic
States slhowed less variationi, from 70.6 in New
X1ork to .59.8 in Penniisylvaniia.
On the otlher lhan, the States constitutingo

the tlhree soutlherni divisions showed fair unii-
formiity in their low inidividual rates. Of the
17 States (including- the District of Columbia)
in thlese divisionls onlly the District of Columbia,
I)elaware, (anid Louiisialna, with rates of 67.9,
66.4, anid 65.4, respectively, had rates higher
tlhani the overall rate for the country (64.4).
Similarly, the States of the Pacific and the West
North Cenitrial divisionis showed almost u,ni-
foruiily higlhl rates. Of the 10 States in these
divisions, onlly Nortlh Dakota anid Missouri, had
rates lower than the national average.

Onice again it miiight be expected that some of
these geographic variations could be attributed
to differences between States in variables wlhichl
are kniowin to affect leukemia deatlh rates, such as

urbani dwellinig (3, 4) anid income (5, 10, 11).
Coefficients have been calculated for the corre-
lation of the com-lparative muortality index in
each State with the percentage of the white pop-
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Figure 1. Mean annual age- and sex-standardized leukemia deaths per 100,000 white
persons for each State, 1949-53.

ulation of the State classified as urban in 1950,
the median income of the white population in
1949, and the number of active non-Federal
physicians per 100,000 population in 1949. The
correlation with the percentage of urban popu-
lation was small and insignificant (r=0.13+±
0.14), but higher correlations were found with
both median income (r=0.27±0.14) and den-
sity of physicians (r=0.35±0.14). Partial
correlation suggested closer association of the
leukemia death rate with density of physicians
when income was kept constant (r= 0.24) than
with income with physician density constant
(r= 0.06).
The interpretation of these associations is dis-

cussed below. It is clear however that they
account for only a part of the geographic varia-
tion. In sharp contrast to this trend are, for
example, the high leukemia rates noted in cer-
tain Mountain and other western States in spite
of low physician: population ratios, and the

relatively low leukemia rates found in the in-
dustrial middle west.

Variations by Age and Sex

The general pattern of the distribution of
death rates ainong States was similar for males
and females. The coefficient of correlation be-
tween the rates for males and females in the
same States was 0.55±0.14. There is a sugges-
tion that the sex ratio tended to be high in those
States with high total death rates (r=0.26-+-
0.14). However, the correlation coefficient is
not significant. In general, sex ratios were
constant at about 58 percent male from division
to division, and, even between States, differences
were small (table 1). In the few States in
which the proportion of males affected was
higher than average, the age trend was not such
as to suggest any specific occupational risk.
Numbers are too small for reliable examina-
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tion of age trends in the individual States, but
divisional age-specific rates are examined in
table 2. The rate for each age group for each
division is slhown as a percentage of the rate
for the United States in the same age group.
The rates in the Pacific division were particu-
larly high (compared with total United States
rates) in the age groups 0-14 and to a lesser
extent in the older age groups. In the West
North Central division, on the other hand, rates
were relatively highest in the older age groups.
Two divisions, Middle Atlantic and East South
Central, were characterized by relatively high
rates in the age groups 15-44.
The different pathological varieties of leuke-

mia have different age and sex trends (12). It
may be, therefore, that these age differences in
rates for divisions are indicative of variations-
in the proportions of the different types of leu-
kemia. On the other hand, local circumstances
may affect the shape of tlhe age trend through
changes in the age-specific risks for a specific
pathological diagnosis. No data permitting
examination of this question are available.

Secular Changes
To determine whether these geographic pat-

terns have undergone any recent changes, data
have been assembled for the 5 years surrounding
the census of 1940 (1938-42). As mentioned
previously, data on leukemia deaths in indi-
vidual States are not available by age for this
period, and age-standardized death rates can-

iiot be calculated. The measurement of secular
change in mortality in individual States has
therefore been approached in two ways. First,
comparative mortality indexes have been cal-
culated for each State for 1938-42, using the
total age-specific and sex-specific rates of
1949-53 for the calculation of expected num-
bers. The increase in the index between 1938-42
and 1949-53 is then expressed as a percentage
of the 193842 index in the same State (table 1).
Second, regression lines have been fitted to the
anlnual crude leukemia death rates in each State
separately for the two periods 1938-45 and
1946-53. From these, the regression coefficient
is shown as the mean annual increment in table
1. This second method does not allow for age
changes in population but gives a crude measure
of the rate of increase of leukemia mortality in
the two halves of the time period.
In examining the comparative mortality

indexes for 193842, we may note that the over-
all pattern is similar to that of the later period,
1949-53. However, there is a suggestion that
the physician-income-urbanization complex was
more influential in determining leukemia death
rates in the early period. Coefficients of corre-
lation of the comparative mortality indexes for
1938-42 with density of physicians and per-
centage of urban population in 1940 were 0.62±
0.14 and 0.60+0.14, respectively. Data on
median income of the white population were not
published by State for the 1940 census. The
stronger association with the urbanization com-

Table 2. Age-specific leukemia death rates in each division, as a percentage of the United
States rate for the same age group, 1949-53

Death
West Middle East MNoun- New West South East rate per

Age Pacific North North South South million,
Central Atlantic Central tamn England Central Atlantic Central United

States

0-4 --- 114 101 95 106 97 99 102 89 89 58.7
5-14 --- 126 98 105 98 103 107 92 89 87 31.7
15-24 - - 106 101 109 99 89 101 89 88 110 20. 8
25-34 --- 107 100 111 94 107 89 93 91 111 22.5
35-44 --- 100 103 112 98 102 85 96 89 101 33.2
45-54 103 106 104 96 98 99 96 97 97 62.3
55-64 --- 102 105 107 99 97 97 98 89 89 129. 7
65-74 108 112 103 105 102 92 92 87 88 238.7
75 ---- 119 123 95 99 103 105 108 104 79 339. 1

Total 107 105 101 98 98 96 95 90 90 64. 4
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Figure 2. Percentage increase in the mean annual age-standardized leukemia death rate in
white persons between 1938-42 and 1949-53.
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plex found in the earlier timne period is largely
the result of comparatively higher rates in the
States in the East North Central division and
lower rates in the Mountain States.
The percentage increase in leukemia between

1938-42 and 1949-53 is illustrated in figure 2.
The increase in recorded death rates be-
tween. the two periods was greatest in
those areas in which initial rates were low-
est. For the southern States, this increase
may be interpreted as due to a leveling out of
those factors, diagnostic or otherwise, which
were responsible for the initial low rates. In
two areas, however, Vermont and the Mountain
States, such a leveling out cannot be accepted
as the whole explanation of the high percentage
increase between the two periods since the proc-
ess has gone beyond the point of equalization.
Vermont in 1949-53, for instance, had the sec-
ond highest leukemia death rate. Similarly, of
the five Mountaiin States with increases above

75 percent, thlee (Idalho, Utalh, anid Nevada)
lhad rates in 1949-53 well above tlhe national
average.
The probability that the increase in leukenmia

deatlh rates in certain of the Mountain States is
of different origin from that observed in otlher
States with initially low rates is further sug-
gested by the observation that in the Mouintain
States the rise hlas affected the second half of
the period alnlost exclusively. This is slhown in
the two columns of table 1 which give mean
ainnuial increiments in leukemia deatlh riate for
1938-45 and for 1946-53. In the southern
States with large increases, the increase has oc-
curred in both time periods, whereas in Utah,
Arizona, Idaho, and Montana the increase has
affected the second period predominantly. Dur-
ing 1946-53, two of these States experienced a
rate of increase greater than that experienced
by any other State in the saiie or the preceding
8-year period.
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Discussion

In the period 1949-53, the leukemiia deatlh
rate recorded in certaiii States of the Ulnited
States was imore thalni 11/2 timnes as highl as that
in other States. It is not to be expected that the
geograplhic patteri slho ldd be explained in
terimis of ainy on-e variable or influence or even
that tlhere slhould be any onie overall pattern.
In fact, several separate trenids are evident.

First, reference lhas been miiade to the partial
consistenicy of the finidings witlh previous re-
l)orts of liiglh leukemuia incidenice associated
w'ithl the social complex whliichl includes urbani-
zation, highler iincomne, better mledical care, anid
iore accurateldiagioosis. Iloxv muclh of the

associatioii of leukemia witlh this complex is
directly attribut,able to the last componenit,
more accurate diagniosis, is conijectural.
The fact that leukemia. deatlh rates in the in-

di-iduial States were miiore closely correlated
with physician: poptilatioii r'atios than witl
either income or urbaniization sugggests that
diagnostic differences are importanit. However,
the difference betweeni the correlation coeffi-
cients for plhysician deiisity and incoml-e was not
signiificant. In addition, wlhile close associationi
wi-itlh measures of meldical care suggests, first of
all, differences in diagnostic staidards, the pos-
sibility meintioiied elsewlhere (13) that some
feature of miedical care is itself leukemoogeniic
cannllot be overlooked.

It is evideiit, lhowever, that as a determinant
of thle geogyraplic p-attern of leukemia deatl
rate, the imiiportance of this associationi lhas
diminiislhed over the timle period 1938-53. Cor-
relation coefficients mieasuring the association
in the period 1949-53 were almost lhalf those for
1938-42. This is conisistent withl the wider dis-
tribution of medical care occurring during this
period.

A2V second feature of the geogr-aplhic patterni is
the belt of relatively hiiglh leukeinia death rates
coverinig the niortlherin half of the United States
west of the Mississippi River. This belt is seen
in botlh time periods, altlhouglh it is iimore marked
in the seconid. It is clearly not the result of the
associationi witlh plhysiciani density or uIrblainiza-
tion discussed in tlhe previous paragraplh;
in fact it would appear to be evident in
spite of tlhis, notably, for exaniple, in AMon-
tana amid Idalio, botlh of wlichl lhave leukemia

deatlh rates of miiore tlhan 72 per million,
and only 94 and 77 plhysicians per 100,000 pop-
utlationi, resp)ectively. Highest rates in this belt
were in AMininesota. In fact, in both time
peiLiods, AMinnlesot.a lhad the hiiglhest death rate
of all the States, anid by a comfortable miiargini.
Minnesota is, of course, the seat of important
miiedical gralduate ancd postgraduate telachillg
centers. These could explaini the especially
hliglhl rate in this State oni a diagnrlostic basis, but
it couldc not account for the miuclh wider plateatu
of hiiglh leukemia incidence of wlhiclh the Mlin-
nesotfa rate is the peak. It slhould be noted that
Minnesota as a, whole lhas a physiciani: pol)la-
tion ratio nio higlher tlhain the nationial average.

A tlird area of interest ceniteis airounid cer-
taim of the IMountain States, particuilarly Ne-
valda, Utalh, Airizonla, Idalho, aiid Montana.
The initerestinig feature here is niot so mnuclh the
present level of the deatlh rate as its receint rate
of inicrease. The leukemia dleathirate in the
airea cov-ered by these States almost doubled in
the 8 year-s 1946-53. The rate of incre-ase in
this period was hiiglh in eaclh of these States, and
in two of theml (MAlontana anid Idalho) exceeded
that experieinced by anyv otlher State in the same
oIr in the precediing 8 years.
The inierease is niot explainied by clhancges in

the age distribuitioin of the population altltough
there lhas been considerable migrationi inito cer-
taini of these areas during the period concerned.
To what extent the increase can be attributed
to improvemiieint of diagonostic facilities is un-
certaini. Exanmination of the trencds for certain
other catuses of death (duodenal ulcer, diabetes,
cancer of the stomach, uterus, and breast),
diagniosis of wlichl is also dependent oni labora-
tory facilities, did not reveal any slhort-term
clhange during this period. Of cour se, this does
not eliminate the possibility of clhaniges in the
specific type of facility upon wlichl the diag-
niosis of leukemia depends.
In 4 of these 5 States, Eisenbud aind Harley

noted tlhe greatest levels of raldioactivity depos-
ited fr omi atomnic tests in sprilig 1952 (14).
This fact suggests at first sight the possibility
that this source of radioactivity hlas conitributed
to the increase in leukemia deatlh rates. Tlie
possibility is eliminated lhowever by closer con-
siderationi. First, after the in-itial explosioni in
New Mexico in 1945. a relhtively smiiall oine, no
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tests were conducted in the United States until
1951 according to the Office of Public Informa-
tion, United States Atomic Energy Commis-
sion. The upward trend in leukemia death
rates commenced about 1947-48. Second, a
later publication of Eisenbud and Harley show-
ing cumulative radioactive fallout to January
1955 discloses much less correspondence to the
pattern of leukemia increases than did the pat-
tern from the single test series recorded previ-
ously (15). Third, as reviewed by the same
authors, the presently available evidence sug-
gests that the biological effect of fallout in the
amounts observed is trivial.
The trend of leukemia mortality in these

States in the next few years deserves continued
attention.

Summary
United States vital statistics for 1949-53 are

used to compare age-standardized death rates
from leukemia in the different States and divi-
sions of the United States. Areas are also com-
pared with respect to the increase in leukemia
death rate noted since an earlier period (1938-
42). The following features are noted:

1. Some of the geographic pattern of leuke-
mia mortality is explicable in terms of the asso-
ciation of leukemia with urbanization, higher
income, and better medical care. The impor-
tance of this association seems to have dimin-
ished in the decade between the two periods
examined.

2. Independent of this, there is a belt of
high leukemia death rates in States in the north-
ern half of the country west of the Mississippi.

3. In an area covered by five contiguous
Mountain States (Nevada, Utah, Arizona,
Idaho, and Montana) the leukemia death rate
almost doubled in the 8 years 1946-53. Two of
these States individually had greater rates of
increase during this period than any other
State in the same or in the preceding 8 years.
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